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VOLUME 1 


HE Hoover Dam—one of the greatest of 

modern engineering projects—is so gigantic 
in its dimensions and so vast in its economic sig- 
nificance that its progress is followed with interest 
throughout the world. 


The Compressed Air Magazine, in keeping with 
an editorial policy that has extended over the 
past 36 years, has arranged to give its readers a 
complete history of this most unusual undertaking. 
Some phase of the work will be described each 
month. 


As Ingersoll-Rand air compressors and rock 
drills are being used on the job, we have arranged 
with the Magazine and with the contractors, Six 
Companies Inc., to reprint these articles from 
time to time. 


This booklet contains the four chapters of the 
story that have so far been published. As subse- 
quent installations appear, we will group and re- 
print them in a similar manner. Eventually they 
will form a complete history of the construction 
of the Hoover Dam and will be worthy of being 
bound in permanent form. 


If you care to receive future volumes of this 
story, fll out and return the attached post card— 
being careful to notify us of any change in address. 


Ingersoll-Rand Company 


11 BROADWAY, NEW YORK, N.Y. 
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IPQ oo 


Sl Companies Inc., of San Francisco, 

Calif., which has been awarded a contract 
of nearly $49,000,000 by the United States 
Reclamation Service for building the Hoover 
Dam, has placed orders with the Ingersoll- 
Rand Company for air compressors and rock- 
drilling equipment for this record-breaking 
5-year undertaking. 

The stationary air-producing plant will 
consist of a battery of Class PRE, direct- 
connected, electrically driven compressors 
having a combined capacity of 25,000 cubic 
feet per minute. These machines will supply 
air for the driving of the four diversion tunnels 
that are to carry the waters of the Colorado 
River through the canyon walls around the 
dam site while the dam, itself, is being built. 
Work will start immediately upon these tun- 


nels; and they are scheduled to be completed 


within eighteen months. 

These rock tunnels are especially interest- 
ing because they will be the largest ever 
driven for comparable distances. Each will 
be 5/7 feet in diameter and 4,000 feet long, 
about seven times as great in cross section as 
such railroad bores as the Moffat and the 
Cascade. Four tunnels almost as large as 
either of the Holland Vehicular Tunnel units 
between New York and New Jersey could be 
placed in any one of them. An average-size, 
5-story house could be moved through one of 
them without scraping the sides or roof. A 
total of 1,563,000 cubic yards of rock will 
have to be excavated in driving them. 

The exact method of drilling the tunnels 
probably will not be determined until more 
has been learned about rock conditions after 
a start has been made. Because of the size 


of the openings, the work might be classed as 


quarrying rather than tunneling. There will 
be ample room to drill, muck, and load the 
spoils without working in cramped quarters. 
Because there is no space available in the river 
bottom for dumping, all the excavated ma- 
terial from the tunnels will have to be ele- 
vated up over the canyon walls for disposal. 

When the river has been diverted past the 
dam site, excavations will be started for key- 
ing to the solid rock of the canyon sides and 
bottom the great arch of concrete that will 
rise 727 feet above bedrock. A year and a 
half will be required to pour the 3,600,000 
cubic yards of concrete that will bring the 
stream under control. 

All told, approximately 5,800,000 cubic 
yards of rock will have to be removed in con- 
nection with the entire undertaking. Pre- 
liminary estimates indicate that about 8,000 
miles of drill holes will be required in getting 
out the rock involved. Hundreds of tons of 
drill steel will be literally worn out in penetra- 
ting the breccia rock formation that makes up 
the canyon walls and the river bottom. 

So great a basin will the dam create that 
eighteen months of normal river flow will be 
required to fill it. The resulting reservoir 
will have a surface area of 193 square miles 
and will contain enough water to cover the 
State of Connecticut to a depth of 10 feet. 

In addition to the compressed air to be fur- 
nished by the stationary plant, Ingersoll- 
Rand portable compressors will supply air for 
the rock drills to be used in scaling down the 
canyon walls on either side of the dam site to 
guard against rock slides. 

Reprinted from Compressed Air Magazine, May, 1931. 


Ives 


t 


Jeu 


in trom sketch by I 


ste 


Eglott 


W 


F 


ing by 


Draw 


. lves in 1857. 


Joseph C 


teut 


lto L 


it seemec 


black Canyon as 


OE 


Drawing by J. J. Young from sketch by H. B. Mollhausen 
Ives’ little steamer ‘‘Explorer’’ making her way through Mohave Canyon. 


America’s Wonder River---The Colorado 


How Nature Formed This Amazing Watercourse and How Man Has Had to Face Many Hazards in 
Discovering It and in Completing Its Kaploration 


NEARLY four hundred years ago, a white 


man gazed for the first time upon the 
Colorado River. No one will ever know who 
was the first human being to look upon that 
stream. 

That amazing waterway might have re- 
mained unknown to white men for centuries 
longer had not an insatiable greed for gold 
spurred the conqutstadores to seek still greater 
riches than they had been able to wring from 
the hapless Montezuma. 

Since Hernando de Alarcon discovered the 
Colorado in 1540, and struggled valiantly a 
considerable distance upstream against its 
muddy and turbulent currents, very little 
has been done to control its flow or to con- 
vert its tremendous forces into a form of 
energy that could be put to commensurate 
and befitting services. 

Now, by reason of collaboration on the 
part of the seven states directly affected and 
the Federal Government, the construction 
of monumental Hoover Dam is underway 
in Black Canyon. If all goes well, that ti- 
tanic structure will be finished five years 
hence. Thus nearly 400 years after its dis- 


By R. G. SKERRETT 


covery, the rampageous Colorado will be held 
under control by an engineering checkrein for 
conservation, for irrigation, and for the gen- 
eration of many thousands of horsepower of 
electrical energy that will be used through- 
out a wide radius to do a vast deal of work. 

The real significance of this approaching 
transformation can be better understood if 
we delve a bit into the dim past of this won- 
derful waterway. Only by so doing can we 


Drawing by F, S. Dellenbaugh 


How Alarcon’s ecaravels battled with the 
bore at the mouth of the Colorado 
in 1540. 


grasp why the river is as it is today—unique 
not only because of its magnificent and even 
appalling scenery but also because it is un- 
rivaled as an impressive example of what 
the erosive forces of wind and water can do 
when acting over a long, long stretch of time. 
The Colorado has been millions of years in 
the making. 


The Colorado and Its Course 


From source to mouth, the Colorado has 
a total length of 1,700 miles; and today it 
drains an area of approximately 244,000 
square miles. Once upon a time the Colorado 
had a much shorter route to follow before it 
reached the sea; and then, as now, something 
like 75 per cent of the water discharged by it 
had its origin in the glacial and snow-capped 
mountain ranges forming the watershed of 
its northern basin. Much of the hundreds of 
miles of the marvelous canyon sections of the 
present then lay submerged beneath a com- 
paratively shallow sea—an inland extension 
of what we now know as the Gulf of Cali- 
fornia. As the ages passed, the river carried 
to its estuary enormous quantities of sand 


Reprinted trom Compressed Air Magazine, November, 1931. 


gathered by its ramifying tributaries, and thus 
layer by layer a blanket of ever increasing 
depth was laid on the water bed. Then came 
a period of momentous change. 

Internal pressures of irresistible magni- 
tude started an uplift that continued until 
the Sierras reared their shoulders high above 
the sea, and at the same time was raised the 
estuary into which what we call the Colorado 
then emptied—transforming that water bed 
into dry land. Then and there the river began 
to cut its way through the sand to the sea 
beyond—thus reversing the process by which 
it had previously formed that deposit, thou- 
sands of feet in thickness. 

Where the course of the river was a leisurely 
one, it carved for itself a generously broad 
right of way; and where its descent was abrupt 
and its flow rapid, the stream eroded a narrow 
and correspondingly deeper channel for itself. 
Geologists tell us that the region was sub- 
jected to three great uplifts, each uplift being 
from 2,000 to 3,000 feet above 
the sea. There are evidences 
that the region was succes- 
sively raised and submerged. 
These tremendous alterations 
occurred over the inconceiv- 
ably protracted period of five 
geological eras—the Colorado, 
the while, tirelessly cutting a 
course through sands,or rocky 
structures as they arose 
athwart its path. In this man- 
ner the canyons have been 
formed. ‘Today, the river is 
eroding a channel through the 
preat basic stratum of hard 
black gneiss. The Grand Can- 
yon, in particular, bears mute 
and appalling testimony to the 
ages and ages that have gone 
their several ways into the dim 


1864. 


past since the river began its tireless and 
irresistible work. Following the Grand Can- 
yon inward from its outermost rim, the flat- 
topped buttes are like so many gigantic steps 
that indicate the successive strata of rock 
that the river has cut away before digging 
that vast scar or gorge through which the 
stream traces its present course deep below 
its innermost crest. One must not forget that 
the work of the river has been supplemented 
by the erosive sweep of winds and infrequent 
rains—these agencies still continuing to modi- 
fy the modeling of the buttes exposed to them. 

The magnitude of this total erosive action 
is incomprehensibly great. We are authori- 
tatively informed that no part of the whole 
region has been worn down, degraded, less 
than 1,000 feet; and there is one area of more 
than 200,000 square miles in extent that has 
been degraded on an average of more than 
6,000 feet. This erosion has been wrought in 
various kinds of limestone, sandstone, quartz- 


U. S. Bureau of Reclamation 
All that remains of the old Town of Callville built by the Mormons in 


ascending the river from Yuma. 
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Callville was the head of navigation for craft 
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Drawing by J. J. Young .rom sketch by H. 6. Moilhausen 
Steamer ‘‘Explorer’’, commanded by Lieut. Ives, making her way up the Colorado in 1857. 


Chimney Peak is seen in the distance. 


ite, and granite—not to mention a stretch 
of 50 miles where the river has cut its course 
through lava poured into the gorge to a depth 
of 200 or 300 feet by erstwhile active volcanoes. 
Softly falling snowflakes, clouds spilling 
their raindrops at lower levels have, together, 
brought about this staggeringly wonderful 
metamorphosis. The melting snows, the 
pattering or beating rains have changed 
rocky surfaces to sands, and mountain rills 
have carried the sands into neighboring creeks. 
The creeks, in their turn, have conveyed the 
sands to rivers, and the rivers, in their turn, 
have borne the sands to the Colorado. At 
each step the abrasive action of the sand has 
been intensified. In short, the river, after 
its manner, has performed in a magnified de- 
gree not unlike the relatively diminutive 
saws that man employs in the cutting of 
blocks of granite or stone of lesser hardness. 
And the sand that has been used by the Colo- 
rado in carving its canyons has finally come 
to rest in the far-flung delta 
that has been built up contig- 
uous to the Gulf of California. 
This burden of silt averages 
annually sufficient to cover 
an area of 80,000 acres to a 
depth of one foot; and this 
rate of deposition has been 
going on for an untold period 
of time. In other words, the 
very substance of the great 
plateau through which the 
- Colorado has made its way is 
being moved ceaselessly from 
the distant interior to the bor- 
der of the Pacific Ocean. 
The Grand Canyon of the 
Colorado lies between the 
Paria River on the north and 


Grand Wash Cliffs, 278 miles 
downstream to the south and 
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illustrating the vast and continuous erosive action of the Colorado River. 


Spectacular section of Marble Gorge 
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Left and right—Sections of Marble Gorge. 


west. Its greatest width is thirteen miles, 
and at its deepest point it measures 6,000 feet 
from rim to water level. Where the various 
canyons penetrate to the supporting granitic 
formation, they reveal the very adolescent days 
of Mother Earth. The walls present a per- 
fect picture of much of the continent's geo- 
logical past; and the picture is awesome by 
reason of the story it tells and because of the 
magnificent scale upon which it is portrayed. 
In the presence of such a record, man and his 
measures of time dwindle into the infinitesi- 
mal. One stands speechless before the work 
of the tireless Colorado. 


Finding and Exploring the Raver 


Cortez filled the strong boxes of Spain with 
treasure stripped from the Aztecs: but his 
aggressiveness and his success multiplied his 
enemies in Spain as well as in America. To 
win royal favor he knew that he would have 
to garner added wealth for his king and for 

imself. But how to do so was a problem. 
hen, when the outlook seemed darkest, 
lva Nunez Cabeza de Vaca returned from 
is wanderings between the Mississippi and 
the headwaters of the Rio Grande. De Vaca 
repeated the tales of a friendly Amerind or 
Indian who told of rich cities, visited by him 
when a boy, that lay somewhere to the west- 
ward of the Rio Grande. The Amerind had 
seen silversmiths fashioning jewelry and plate 
of precious metals in large quantities. These 


tales were amplified by an imaginative Negro, 
one Estavan, also a member of de Vaca’s 
party. This was in 1536; and instantly Cortez 
was moved to action—he wanted to be the 
first to reach and to plunder the so-called 
Seven Cities of Cibola. 

With funds obtained by pawning his wife’s 
jewels, Cortez equipped three caravels com- 
manded by Francisco de Ulloa; and dispatch- 
ed them from Acapulco in quest of a point 
northward that would make it easy for the 
Spaniards to reach the reputedly opulent 
cities from the coast. Nothing untoward hap- 
pened until Ulloa found his craft in the midst 
of rapidly shoaling water and swift currents, 
and with shores closing in on them where the 
Open sea was expected. Ignorant of the coast, 
Ulloa had reached the headwaters of the Gulf 
of California—the existence of which was 
unsuspected. Grave, indeed, was the peril 
when the incoming tide, in the form of a high 
and roaring wave, swept toward the vessels— 
that startling phenomenon being due to a 
range of 36 feet between high and low water 
and to the narrowed passage the water had 
to follow during the changing tides. 

As Ulloa wrote in his tragic report to Cor- 
tez: ‘‘We always found more shallow water 
and the sea thick, black, and very muddy.... 
We rode all night in five fathom of water, 
and we perceived the sea to run with so great 
a rage into the land that it was a thing much 
to be marvelled at; and with the like fury it 


U. S. Geological Survey and E. L. Kolb 
Center—Engineers of the United States Geological Survey at work in Marble Gorge. 


returned back again with the ebb. during 
which time we found eleven fathom water, 
and the flood and ebb continued from five 
to six hours.’’ Whence came the waters that 
poured seaward with the ebb was a matter of 
wondering speculation; but neither Ulloa 
nor any of his followers realized that they were 
at the mouth of a great river. 

Ulloa was no coward; but he was an ex- 
perienced seaman who recognized his perilous 
predicament. Therefore, instead of waiting 
for his caravels to be battered to bits by a 
recurrence of the bore, he sailed southward 
to more open water. From there he sent one 
of his craft back to Acapulco with the story 
of his failure, and with this done he rounded 
the southern tip of Baja California and 
headed away with his remaining ships on a 
voyage that carried all hands to eternity. 

Ulloa’s failure, and the subsequent killing 
of the Negro Estavan when he and Friar 

arcos tried to reach the Seven Cities of 
Cibola by an overland route, did not deter 
the Spaniards—it rather added fuel to the 
flame of conquest that burned in their breasts. 
Accordingly, Cortez’ viceregal successor, Men- 
doza, equipped two expeditionary forces in 
1540 for the dual purpose of exploration and 
conquest. Mendoza believed he could in this 
way make certain of success. Francisco 
Vasquez de Coronado lead the land force 
that was to follow the coast northward from 

ompostela; and the nautical force of three 


ships commanded by Hernando de Alarcon 
sailed from Acapulco and reached the head 
of the Gulf of California towards the end of 
August. Coronado arrived at Cibola in July, 
and instead of a place of riches he found a 
community of adobe huts much like those 
common to the region today. Two years later 
Coronado returned to Mexico virtually empty 
handed and without having effected contact 
with Alarcon; but the latter achieved the dis- 
covery of the Colorado River and _ blazed 
the way for subsequent adventures that only 
men of great courage and determination 
could have carried to their several conclu- 
sions. 

Alarcon was confronted with the same 
harassing and hazardous conditions that had 
halted Ulloa; and, had he heeded the advice 
of his pilots, he, too, would have turned back 
rather than to risk the destruction of his 
ships. But, because Mendoza had ordered 
him to discover the secret of the gulf, Alarcon 
resolved to push onward despite the risks in- 
volved. While the bore swept Alarcon’s 
boats about like toys, and nearly turned them 
over 4gain and again, still all his caravels sur- 
vived virtually undamaged; and, when the 
tide served, the vessels were maneuvered into 
the channel. As Alarcon reported: “It 
pleased God that after this sort we came to 
the very bottom of the bay, where we found 
a very mighty river, which ran with so great 
a fury of a stream, that we could hardly sail 
against it.’”’ 

When he had his craft where they could 
be moored and protected against the direct 
force of the bore, Alarcon provisioned and 
armed two boats for a trip farther up the river. 
The current soon proving too strong to be 
rowed against, most of the crews were landed 
and set to the task of towing them. It was 
hard work for men unfamiliar with that form 
of labor: and when inquisitive and seemingly 
hostile Indians gathered on the _ banks, 
Alarcon had the wit to make friendly gestures 
instead of firing his guns to alarm them. 
Furthermore, by suitable pantomime, he made 
them understand that the Spaniards repre- 
sented the Indian’s sovereign lord, the Sun. 
From that time on for a number of days the 
natives vied with one another to put their 
shoulders to the tow lines. Alarcon made two 
trips up the waterway, and the highest point 
reached by him on his second expedition was 
somewhere about 50 miles above the mouth 
of the Gila River. Failing then to make con- 
tact with any of Coronado’s lieutenants, 
Alarcon returned to his ships, which were 
badly damaged by the teredo, and hastened 
southward to a suitable port for repairs. 


Of Coronado’s force only two men reached 
the Colorado. One of his officers, Melchior 
Diaz, came to the river after Alarcon had de- 
parted; and to Don Lopez de Cardenas, a 
rollicking member of that expedition, belongs 
the credit of being the first white man to look 
down into the depths of the Grand Canyon. 
He probably did this, so it is believed by com- 
petent authorities, at a point somewhere be- 
tween Diamond Creek and Kanab Canyon. 
Thus far we have dealt with the actual dis- 
covery of the Colorado, so named because of 
the reddish color of its waters. Now let us 


touch somewhat briefly upon subsequent 
explorations over succeeding centuries that 
finally rounded out our knowledge of the 
Colorado so recently as 1924. 


Following in the footsteps of the gold- 


seeking conquistadores came those gentle- 
hearted padres whose primary purpose was 
the saving of souls. It was Father Garces who 
first made continual use of the name Colorado 
in describing the river. To Fathers Garces 
and Escalante we are indebted for accounts 
of different parts of it; and the latter, after 
traversing a desperately difficult canyon sec- 
tion of that waterway, discovered a place 
where it could be forded. The route now 
known as the Crossing of the Fathers bears 
testimony to the good padres’ undaunted 
persistence in the face of appalling odds. This 


was back in 1776. Decades passed with no 
records of white explorers along the Colorado 
until James O. Pattie, a venturesome trapper, 
followed the river all the way from its mouth 
to its headwaters—being in all probability 
the first white man, if not the first person, to 
do so. Pattie’s journey was made during the 
“twenties” of the past century. Pattie travel- 
ed both on foot and mounted. 

To Gen. William Henry Ashley, a fur trader, 
belongs the credit of being the first to go by 
boat down any of the canyons of the Colorado. 
Most of his perilous voyage was down the 
Green River, and was made in 1825 in craft 
covered with buffalo skins instead of wooden 
sheathing. The account of this trip abounds 
in thrills. Several members of his party were 
drowned; and the expedition traversed some 


U.S Ceslacinal Survey 


Top—Where boats of the Survey journeyed overland at a point in Soap Creek Rapids. 


Center—Running the rapids below Havasu Creek. 


Bottom—Repairing one 


of the boats after reaching Badger Creek. 


of the worst rapids in the canyons of the 
Colorado system. Of the excellent work of 
Lieut. W. H. Hardy, R. N., we can only re- 
fer to the fact that he explored the Gulf of 
California in 1825 for a_ pearl-and-coral 
fishery association. To him the world is in- 
debted for the first authentic plan of the 
lowermost part of the Colorado River as well 
as of the Gila for a few miles above its con- 
fluence with the Colorado. Lieutenant Hardy’s 
25-ton schooner had to battle with the bore 
as had his Spanish predecessors; and by good 


fortune and expert maneuvering he managed 


to save his vessel from destruction. 

Without any intent to belittle their per- 
formance, we must touch only briefly upon 
the trip down the canyons of the Green River 
made by William Manly and six companions 
—all “forty-niner’’ teamsters who abandoned 
bull-whacking to venture afloat upon the 
‘River of Mystery’’. They were intent upon 
reaching the Pacific Coast by what they con- 
ceived to be a fortuitous and shorter route 
than that followed by prairie schooners. The 
craft used was little better than a scow. All 
went well, despite some narrow squeaks at 
several points, until the scow was smashed 
for keeps on the rocks in the rapids of Ashley 
Falls. From there on those high-spirited 
young men made their way overland. 

The continual lure of gold in California, 
and the need of a military post near the junc- 
tion of the Gila and the Colorado, caused 
the United States Government to make its 
first attempt to explore the Colorado in 1850. 
Lieut. George H. Derby of the Army was 


ordered to enter the Colorado as far as the — 


10 


Gila in a sailing vessel of 120 tons. The 
Invincible, as she was named, was handled by 
a veritable sailor who, when the roaring flood 
tide hit her and she seemed doomed, saved 
the craft by prompt and decisive action. 
Derby’s penetration to the Gila led shortly 
afterwards to commercial voyaging upon the 
lower reaches of the Colorado. George A. 
Johnson, the pioneer in this field, built a 
flotilla of barges and later operated one or 
more stern-wheel steamers on the river above 
Yuma. Johnson’s work undoubtedly in- 
spired the Government expedition of 1857, 
which was commanded by Lieut. Joseph C. 
Ives of the Army. 

Ives’ vessel, the Explorer, was delivered 
dismantled at the head of the Gulf of Califor- 
nia; and there, in the muddy delta of the river, 
a basin was excavated in the soft ground and 
the assembling of the stern-wheeler was be- 
sun. In about a month the craft was so far 
finished that steam could be raised in her 
boiler and her engine turned over. Five days 
later, at high tide, with a passage cleared 
from the basin to the waterway, the Explorer 
was successfully launched. In the course of 
the work cut out for him, Ives navigated his 
vessel upstream as far as the mouth of Black 
Canyon. There a sunken rock blocked the 
way and just missed damaging her irreparably. 
That ended further upstream exploration 
with the steamer. When suitably repaired, the 
return journey was begun. The Explorer 


was disposed of at Yuma; and it is interesting 


to point out that her hulk was recently un- 
covered in the sands of the delta a number of 
miles from the present course of the river— 


the erstwhile channel having been shifted 
during the flood period of 1909. 

Most of what we now know about the Colo- 
rado is mainly due to the daring of those ex- 
plorers who successively ventured upon the 
river between 1869 and 1924. Some of them 
faced, with other perils, death by starva- 
tion; and in more than one instance they 
headed with grim determination into the un- 
known—an unknown reputed at points to 
entail plunges into the very bowels of the 
earth. Our geological, hydrographic, and 
photographic understanding of the Colorado, 
may, without disparagement to others, be 
attributed to the discoveries and the ac- 
tivities of Maj. J. W. Powell, Lieut. George 
N. Wheeler, Frank M. Brown, Robert Brew- 
ster Stanton, Nathan Galloway, Julius F. 
Stone, the Kolb brothers, and E. C. LaRue, 
with his associates of the United States Geo- 
logical Survey. LaRue’s explorations were 
numerous and comprehensive, and covered 
the period between 1914 and 1924. 

The work of certain of the foregoing ex- 
plorers was epochal in its revelations, and 
members of some of the parties lost their 
lives in their splendid efforts to strip the 
Colorado of the very last of its mysteries. 
As we shall seein due season, all this coura- 
geous venturing was more or less necessary be- 
fore any successful steps could be taken to 
curb the Colorado, which has been running 
its unbridled course for ages. Even now, one 
wonders at the confidence of Lilliputian man 
to bind this aquatic Gulliver. | 


Sharp’s Heading, where water is drawn from the Colorado to irrigate farmlands in the Imperial Valley. 
has done to make arid acres abundantly productive. 


All Photos U. S. Bureau of Reclamation 
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America’s Wonder River---The Colorado 


Something About Its Continually Changing Delta and the Adjacent Arid Region Which It 


as Created and Wh 


YHE Colorado is an anomaly among the 

great rivers of the world. In addition to 
certain unique physical features, it has differed 
radically from other waterways of comparable 
size because its main stream has generally 
repelled man’s efforts to put it to his use. 

The majority of large rivers have lent 
themselves to utilization in one way or another. 
They have facilitated exploration; they have 
aided man in many subsequent practical 
ways; and, finally, they have stimulated in- 
dustry and commerce and the development 
of the contiguous watershed. In well-nigh 
all these respects the Colorado has stood 
forth a conspicuous contrast; and after the 
hundreds of years that the white man has 
known about the river it still is of service 
to him in only a small measure of its potential 
capacity. These facts emphasize the problem 
now squarely faced in building the Hoover 
Dam so that the stream can be controlled 
and utilized in ways that so long seemed im- 
possible. 


By R. G. SKERRETT 


What the Aborigines Did 


Cliff dwellers and other early Indian occu- 
pants of the territory, drained by some of 
the Colorado’s tributaries, put those rivers 
to use in irrigating contiguous lands. Those 
aborigines set the pace in this particular a 
thousand or more years ago; and in many 
instances the ditches they dug have survived 
to the present day. Those Indians were wise: 
they did not try to tap the main body of the 
Colorado. They knew from many appalling 
examples just what the river could do in 
flood periods when its waters were on their 
annual rampage. Neither did they venture 
down into the canyon region with the thought 
of cultivating and irrigating any arable areas 
that might be found close to the stream. 


On the other hand, the Cocopahs and the 
Yumas early began the growing of crops on 
the delta lands adjacent to the mouth of 
the Colorado; but in doing so they took con- 
ditions as they found them from season to 


ich Man Is Now Making Abundantly Fruitful 


season and made no effort to change the ways 
of the river. Where and when the delta lands 
in due time emerged from the receding floods, 
the Indians cast their seed, without tilling, 
upon the wet mud. The method, of course, 
was primitive like the people, but even so the 
Indians were able to raise substantial crops 
of beans and maize and squashes by reason 
of the fertility of the saturated silt and the 
wealth of sunshine which shone upon the 
region. Those aborigines did not know it, 
but they were doing exactly what the fellahin 
of Egypt had been doing since the days of 
the Pharaohs each year as the flood waters 
of the Nile went their way seaward and left 
vast sodden areas exposed for planting. It 
might here be mentioned that the delta of the 
Colorado and the delta of the Nile are much 
alike climatically—both are subtropical. 
The comparison between the two rivers is 
a limited one. The rise and the fall of the 
waters of the Nile, as recorded for nearly 
5,000 years, is remarkably uniform both in 


Keprinted from Compressed Air Magazine, December, 1931. 


Point on the west bank of the Colorado where the third heading, cut by the California Development Company, caused ja break 
that was closed only after months of desperate efforts. 


degree and in time of occurrence. The Colo- 
rado, however, varies widely in the volume 
of water carried by it at the period of maxi- 
mum flow; and the time of its highest water 
cannot be foretold with certainty. In short, 
the river is in a continual state of unstable 
equilibrium. In the past this characteristic 
made farming for the Indians a matter of 
considerable speculation both as to when they 
could sow their seed and where it would be 
possible for them to do so. The Indians at 
least proved conclusively that the delta lands 
of the Colorado were extremely fertile. 

Before we tell how the modern farmer has 
undertaken to develop lands formed by the 
Colorado more or less in the neighborhood of 
its present mouth, let us see how 
those productive lands came into 
being and long constituted a veri- 
table desert region until an im- 
aginative white man envisioned 
their potential agricultural value. 
The story of their creation is one 
more evidence of the unstable 
nature of the Colorado River. 

The Colorado carries toward 
the sea each year an enormous 
amount of solid matter in sus- 
pension; and measurements made 
with much care over a span of 
years have revealed that the silt 
content of the stream at Yuma 
amounts every twelvemonth to 
substantially 105,000 acre-feet. 
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Southern Pacific. 


That is to say, the average silt content is 
equal to 0.62 per cent by volume; and this 
silt, when compacted, has a volume of 170-, 
000,000 cubic yards! This output has been 
issuing from the mouth of the Colorado for 
ages, and has repeatedly transformed the 
topography of the delta: the river has made 
and unmade the channels by which its flow 
has reached the open waters of the Gulf of 
California. This is understandable, because 


the silt-formed land or river bed offers only 
a trifling opposition to the erosive action of 
the stream—a thin thread of water soon be- 
coming a sizable one and, in its turn, growing 
rapidly to the proportions of a rampant river. 

The Colorado, when carrying its greatest 
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Railway bridge at Yuma, in 1916, when the 
flood was at its height and had a velocity of 240,000 


burden of solid matter, may be likened to a 
tremendous hydraulic dredge engaged in 
drawing up silt at one point to distribute 
it to other points for the upbuilding of land. 
There have been times in the history of the 
river when the alluvial flow was exceptionally 
large; and on those occasions the stream 
wrought the most pronounced changes in its 
delta. Remember that the average yearly 
discharge of silt is equivalent in volume to 
all the earth removed in digging the Panama 
Canal! At some period in its history—prior 
to the traditions of the Indians in that part 
of the continent, the Colorado probably 
emptied directly into the Gulf of California 
not far below Yuma of today. When that was 
the case, the Gulf of California 
extended nearly 150 miles north 
of its present northernmost lim- 


its, and the Colorado discharged 
into the gulf something like 100 
miles south of the head of that 
body of water. 


Genesis of Imperial Valley 


Year by year, the Colorado 
built up a fan-shaped delta that 
widened and lengthened as the 
river spread out its burden of silt 
upon the bed of the gulf. Even- 
tually—probably initiated by 
some season of unusually heavy 
alluvial outpouring, it started 
the growth of a jetty of mud on 
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Striking evidence of the havoc wrought by the Colorado River when inundating the 


its western flank and southward from its 
mouth. Gradually this jetty grew until it 
became in effect a broad, low dike across the 
gulf, and thus cut off and isolated the area of 
which the Imperial Valley forms a part. In 
the course of centuries the impounded water 
evaporated, until only a remnant of the erst- 
while volume remained in the deepest section 
commonly known as the Salton Sink or Salton 
Sea. The whole isolated area slopes from the 
river toward the sink, which lies 278 feet be- 
low the normal surface of the Pacific. 

While building up the barrier just men- 
tioned the river, incidentally, elevated its 
own bed by successive deposits of silt. Today, 
the Colorado flows through a 
delta which, in some sections, is 
100 feet above the sea. During 
flood periods, the river may wan- 
der in one direction or another 
by reason of this elevation and 
the character and conformation 
of the delta. In brief, it is likely 
now as it has been in the past to 
spill over its banks anywhere dur- 
ing seasonal high water. When 
the river does this, it piles mud 
upon its banks and tends to raise : 
the entire flooded area by new 
deposits of silt. 

Conversely, as the flood waters 
diminish and drop, the Colorado 
commonly returns to the channels 


The river then had a maximum 


range from 30 to 40 feet in height. 


just previously used by it—the receding 
waters closing the outlets made during the 
flood by deposits of mud. On the other hand, 
the river may continue to follow a new chan- 
nel cut during the high-water period; and 
numerous ancient channels give visible evi- 
dence of how diverse have been the routes 
used by the stream in the past to reach the 
sea. For a long while, in historic time, the 
Colorado kept generally to a _ well-defined 
main channel leading nearly southward into 
the Gulf of California; but even so it occasion- 
ally broke through the dike, of its own build- 
ing, which has separated it for centuries from 
the vast basin which used to be the head of 


The same bridge after the Colorado had returned to normal. 


seco nd-feet. 


Imperial Valley. 


flow of but 20,000 


The banks cut by the water 


the Gulf of California. This excess water has 
uniformly flowed northward toward the 
Salton Sink. These digressions were of little 
concern to man until steps were taken to de- 
velop the Imperial Valley for agricultural 
purposes—then the inundations became men- 
aces to life and property. 


Man Settles in the Valley 


We need not ponder the questionable 
wisdom of those adventurous persons who 
early urged that the Imperial Valley could be 
turned into a vast farm if water could be 
distributed to its arid but fertile soil by tap- 
ping the Colorado River. Dr. Oliver M. 
Wozencraft may properly be 
called the pioneer in this move- 
ment, because he urged such a 
project after he had crossed the 
desert lands of the Salton Sink 
in 1849. Even so, it was not until 
the spring of 1900 that the scheme 
took final shape when a contract 
was awarded for the digging of a 
canal that would link the Colo- 
rado River with the dry bed of 
what has become known as the 
Alamo River—the latter taking 
the water delivered to it by the 
Tmperial Canal and leading the 
vitalizing flood northward for 
distribution in the Imperial Val- 
ley. That epochal work was done: 


13 


rn > as re 


4S 


et ER oe 


ee SS Ee a EO Saree! Se os 


ment company led water 
from the 
headworks, known as Han- 


ary—the idea being that 
water could be delivered to 


culties had been encounter- 


by George Chaffee; and in less than two years 
fully 400 miles of main canals and laterals 
were dug under his energetic direction. 


The fertile soil, the water, and the abun- 
dant sunshine together wrought wonders after 
seed were sown; and the amazing agricultural 
potentialities of the region were quickly 
established beyond question. The problem 


that soon _ pecalneng pr ae ; 1g was the security 


below sea ede ont were 
drawing water from: a river 
whose unstable course flow- 
ed high above the sea level. 
How long could the people 
so situated® count u 
holding the Colorado: at 
bay when that capricious 
stream was on the ram- 
page? 

At the start, the develop- 
river through 
lon’s Heading, constructed 
on the west side of the 
stream just above the in- 
ternational boundary; and 
shortly afterwards Sharp’s 
Heading was built in Mex- 
ico just below the bound- 


the Imperial Canal by 
either heading. Knowledge 
of the success of the first 
farmers of the land drew 
thousands of other settlers 
to the basin, and this in- 
flux led promptly to de- 
mands for larger and larger 
quantities of water. Diuff- 


ed in keeping the original 
heading open—mainly be- 
cause of the rapid accumu- 
lation of silt; and the canal 
operators were forced to 
cast about for some other 
means of providing needed 
water for the cultivated 
lands. Something had to be 
done and done quickly; and 
as the company was hard- 
pressed for funds, its man- 
agement resorted to a haz- 
ardous expedient. 


Man Tempis the Colorado 


Against the advice of 
competent engineers a third heading was cut 
in the bank of the river a short distance be- 
low Sharp’s Heading—this new heading 
affording a short and quick descent from the 
Colorado to the Alamo. This was done in 
October, 1904, and the cut was from 40 to 
50 feet in width and ranged from 6 to 8 feet 
in depth. The excavation was made directly 
in the mud of the river bank; and that open- 
ing permitted a relatively small amount of 
water to flow into the basin for the im- 
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formed by the Colorado. 
changed since this map was made in 1905. 
waters converging into a definite channel and form- 


mediate relief of the farmers. What followed 
was thus summed up by F. H. Newell, 
1907, when Director of the United States 
Reclamation Service: 


“The California Development Company 
did not have approved plans or funds avail- 
able to build headworks in this opening, and 
it was assumed that, with ordinary care and 
watching, the channel could be kept open just 
sufficient to allow the needed amount of water 


Top—Relief map of the Imperial Valley, Salton Sink, and a part of the delta 


ing falls as they cut backward upstream. 


to pass out from the west bank. With the 
next rise in the river, however, the fears of 
the engineers were fulfilled. Following a 
capricious mood, the river concluded to go 
down the easy channel toward the Alamo 
and sent from day to day an ever-increasing 
flood, rapidly eroding the channel. This con- 
tinued until, in the spring of 1905, the entire 
river was passing by an abrupt turn to the 
westward down the Alamo channel, spreading 
out over the low ground and ultimately con- 


The course of the river below Yuma has 
Bottom—Flood 


verging toward Volcano Lake or northerly 


into the New River and the Salton Sea. The 
old channel of the river, where it formed a 
part of the international boundary and at 
points below, soon became completely dry 
and rapidly assumed the ordinary appearance 
of the alluvial desert.” 


The flood waters of the Colorado over- 
flowed the natural bed of the Alamo and 
spread out across the desert—in some sec- 
tions the inundation cov- 
ering the land as far as the 
eve could see. It was flow- 
ing over soil built up either 
by the sweep of winds or 
by the river during some of 
its previous incursions into 
the basin, and the ground 
was, therefore, of a charac- 
ter that could be cut away 
quickly as the flood turned 
into numerous’ separate 
streams which gathered 
headway as the increasing 
slope of the basin added to 
their velocity. These 
streams scoured out chan- 
nels in the soft earth which, 
at points, were quite 1,000 
feet in width, a good many 
feet in depth, and filled 


with turbulent torrents. 


Following a characteris- 
tic tendency of streams 
flowing in yielding ground, 
the flood waters cut con- 
tinually backward toward 
their source, forming deep 
and steep-sided gulches— 
the runaway waters leaving 
the lands that were un- 
damaged remote from the 
supply of water for their 
growing crops. But the 
worst that was apprehend- 
ed was that these flood 
streams might continue 
their back-cutting until 
they reached the Colorado, 
and there destroy the re- 
maining headworks and 
turn the whole volume of _ 
the river down into the 
Salton Sea. It was even 
feared that the back-cut- 
ting might then travel up 
the Colorado and under- 
mine the Laguna Dam, 
which was at that time 
building above Yuma! 

When the trouble-mak- 
ing third heading was cut 
in October, 1904, the surface of the water in 
Salton Sink stood at 273.5 feet below the mean 
sea level. By the time the break at that head- 
ing was closed in February, 1907, the water 
in the sink had mounted to a point 201 feet 
below the sea—that is to say, it rose a total 
of nearly 73 feet and increased the super- 
ficial area of the so-called Salton Sea to 298,- 
240 acres. Had the river not been balked and 
turned back into its established course, after 
months and months of desperate work, 


entire flow would have continued to pour 
into the basin. A simple computation, based 
upon the annual influx, would disclose how 
soon the Colorado could reflood the area 
which it had capriciously isolated in the re- 
mote past. At the rate of evaporation normal 
to the region, centuries would probably pass 
before the Imperial Valley would again be 
dry. | 
Battle to Shut Out the River 

During the anxious per- 
iod between the develop- 
ment of the dangerous 
break and its closure, those 
engaged in battling with 
the river believed more than 
once that they.-.were en- 
gaged in a forlorn hope; 
but they held on grimly to 
the task set them. Almost 
at the instant that the 
channel was confined to any 
promising degree, the swift 
currents began burrowing 
and undercutting. the ob- 
struction of man’s making. 
It is said that piles 70 feet 
in length were dislodged 
and swept away as fast as 
they could be driven into 
the water bed. Indeed, any 
narrowing of the channel 
by the placing of an ob- 
struction merely increased 
the velocity of the flow and 
intensified the  stream’s 
erosive strength so that it 
cut enormous gaps in the 
space of only a few hours. 


In the end, the fight was 
won by the engineering 
force of the Southern Pacif- 
ic Railroad whose tracks 
were several times relo- 
cated in anticipation of fur- 
ther flooding of the Salton 
Sink and who took over the 
task of saving the Imperial 
Valley from inundation 
after the development com- 
pany proved unequal to it. 
Again we shall quote from 
F. H. Newell’s absorbing 
description of the work: 

“Added to the unfavor- 
able character of the bed 
and banks was the fact that 
the river seldom remained 
quiet for any considerable 
length of time. It was sub- 
ject to short violent floods, 
especially from its tribu- 
tary, the Gila. These, occurring at a time 
when the work was in a critical condition, 
quickly rendered useless the efforts of the 
constructors. The method finally adopted 
for turning the stream was one whose success 
depended upon having at hand a large rail- 
road equipment and an enormous amount of 
material which could be quickly transported. 
The chief difficulty was to secure 
a sufficient supply of stone fast enough to fill 
the gaps as thev were washed out. In some 


cases trains of flat cars loaded with stone: 
were brought from a distance of 400 miles, 
.. As the rock heap rose gradually 


it checked the river, causing it also to rise 
higher and higher and to cascade over the 


pile of stone. Riffles were caused, and an un- » 


dercutting of the lower slope, or of the rock 
heap, allowed it to settle and the stones to 
roll downstream. All of this undercutting 


and settling had to be made up and overcome 
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Top—Looking down the Arizona shaft of the Colorado River siphon. 
tom—Cross section of the siphon. 
river scores its bed during a flood period and upbuilds it 

again with silt as the waters drop and resume their 


normal quieter flow. 


by the rapid dumping of other large stones. 
It was necessary to raise the river bodily 
about 11 feet. As the water rose and became 
ponded on the upper side of the rock heap, 


~ trainload after trainload of small stone and 


gravel from the nearby hills was dumped 
to fill the spaces between the large rocks.” 
When hydraulicked with silt and covered 
with earth and gravel, the dike became 
effective against seepage. The breach was 
closed and the river forced back into its 


Note the depth to which the 


channel in February of 1907—that victory 
costing about $2,000,000. 


River Renews the Fight 


The Colorado was merely halted but not 
whipped. Raising its bed with deposits of 
silt at the rate of something like 10 feet 
annually, it was ready for another offensive 
in 1909; and the point of its attack then was 
only a short distance below where it had 
breached the defense of the 
Imperial basin in 1905. 
The river forced its way 
through the dike 29 miles 
below Yuma, and turned 
its flood westward through 
Bee River into Volcano 
Lake—hastily built levees 
sufficing to keep the stream 
from reaching the Alamo 
and the New River drain- 
age basins. After pouring 
an enormous amount of silt 
into Volcano Lake, the 
Colorado carried its flood 
waters to the channels 
offered by the Hardy and 
the Pescadero rivers and 
thence onward to the Gulf 
of California. The rapidity 
with which the Colorado 
silted Volcano Lake made 
the task of rearing a levee 
there a desperately difficult 
one. However, the engi- 
neers were able to upbuild 
the dike fast enough to 
keep the crest above the 
rising water. Two years 
later the Federal Govern- 
ment appropriated $1,000,- 
O00 to relieve the menace 
at that point. 


To date, approximately 
$7,000,000 has been ex- 
pended in efforts to protect 
the Imperial Valley from 
inundating floods; and the 
silt carried into the irriga- 
ting channels presents a 
continual problem. The 
deposits must either be 
dredged out, to keep the 
channels at a given level, 
or dikes must be contin- 
ually raised to prevent the 
water from  overrunning 
the lands as the silt shal- 
lows the irrigating arteries. 
It is said that the disposal 
of silt in the Imperial Val- 

ley entails upon the dis- 
trict a yearly outlay of $1,400,000. 


Bot- 


Man's Success in the Valley 


What has been told about the origin of the 
Imperial Valley and the uncertainties at- 
tending the Colorado when on a flood-period 
rampage should make reasonably clear the 
menace to which dwellers in the basin are 
continually exposed as long as there is no 
flood control of the river. Since the first farms 
were irrigated in that desert region, about 29 
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Laguna Dam and sluice gates viewed from the California side of the Colorado. 


years ago, something like 500,000 acres have 
been brought under cultivation. Numerous 
towns and lesser communities have come into 
being; and the population of the valley at 
the present time probably exceeds 75,000 
persons. 

As might be expected, the summers are 
hot and the winters are mild. In the Imperial 
Valley the principal crops are lettuce, peas, 
spinach, and other vegetables; and a large 
acreage 1S given over to the growing of canta- 
loupes, grapes, strawberries, and citrus fruits. 
Because of the warmth of the climate, farm- 
ers in the Imperial Valley can produce these 
commodities at a very early season: and 
quantities are shipped to northern and eastern 
markets. That is to say, the foregoing food- 
stuffs are not generally obtainable at the same 


time of the year in other sections of the United 
States. The value of the crops produced an- 
nually in the Imperial Valley is close to 
$100,000,000. 

Manifestly, there are substantial economic 
reasons for protecting this fruitful area which 
has been brought to its present status by 
settlers of great courage and abounding 
determination to win success in the face of 
grave natural odds. As matters stand now, 
the river may at any flood time break from 
its shifting and uncertain channel and turn its 
full volume into the Imperial Valley; and 
such an occurrence could not be likened to 
the inundating of other regions that would 
soon emerge from the flood waters. Should 
the Colorado break into the valley, and no 
means prove effective in an effort to turn 


the river back into its accustomed channel, 
then the influx would produce a permanent 
inundation because there would be no outlet 
for the imprisoned flood. 

In lesser degrees, reclamation projects at 
Palo Verde, on the California side of the river, 
and at Yuma, on the Arizona side, will be 
beneficially affected by any control of the 
flood waters of the Colorado: and it should 
be manifest that the well-being and security 
of life and property on any of these regional 
undertakings will hinge to a large extent upon 
the completion of the Hoover Dam. In 
short, the builders of the Hoover Dam are 
racing against time and the uncertain moods 
of America’s wonder river. 


Boats were the only means of traversing Main Street in Yuma when the 1916 
flood was at its height. 
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Area immediately above the Hoover Dam site, seen from Monument Pass, Nevada, that will form part of the vast reservoir which 
is to hold more than 30,000,000 acre-feet of water. 


America s Wonder River—the Colorado 


Work on the Hoover Dam Now Underway After the Disposal 


Be curbing the Colorado by means of the 
| Hoover Dam, the Federal Government is 
essaying the greatest task in hydraulic engineer- 
ing that it has taken upon itself since digging 
the Panama Canal. In beginning this mo- 
mentous undertaking, both engineers and 
constructors have joined battle with inex- 
haustible nature; and they have willed to 
bring under subjection a stream with a vio- 
lently riotous record that reaches unbrokenly 
into the dim past. The work in hand is not 
only superlatively big in the matter of dimen- 
sions but vast in its economic potentialities 
and significance. 

The mere start of the Hoover Dam crystal- 
lizes agitation for the control of the Colorado 
that dates back more than a quarter of a cen- 
tury. And that we may have a fair conception 
of the undertaking and the steps by which it 
has been brought to its present pass, it might 
be well to summarize the preliminaries that 


of Many Puzzling Questions 
By R. G. SKERRETT 


smoothed out difficulties of various sorts and 
that provided a firm basis for the consumma- 
tion of a long-desired relief. 

The Hoover Dam project as now planned 
calls for the ultimate expenditure of $165,000, - 
OOO, including the construction of an appurte- 
nant undertaking known as the All-American 
Canal. The total sum will be made up of the 
following four items: 


Dam and reservoir........ $70,600,000 
1,000,000-hp. development.. 38,200,000 
All-American Canal....... 38,500,000 
Interest during construction. 17,700,000 

A OUGILE oc. aca ae ahary es $ 165,000,000 


The All-American Canal will, when com- 
pleted, take water from the Colorado at a 
point above the Mexican boundary, and is de- 
signed to supply the needs of the Imperial 
Valley and the Yuma project. It will be 75 


miles in length, and will be nctable for a num- 
ber of reasons. We shall not now touch upon 
this phase of the control of the Colorado 
River—the matter of immediate interest is 
the Hoover Dam and its associate features. 


Colorado River Compact 


The building of the Hoover Dam might still 
be something for future decision had not the 
Colorado River Commission been called into 
existence in 1921. That commission was made 
up of representatives from Arizona, California, 
Colorado, Nevada, New Mexico, Utah, and 
Wyoming. Herbert Hoover, then Secretary 
of Commerce, was the chairman of the com- 
mission. ~The commission was brought into 
being when the several states immediately 
concerned had advanced numerous sincere 
but very conflicting claims; and it was mani- 
fest that some representative body would have 
to take all these claims under consideration 
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Black Canyon before work 
was started on the Hoover 
Dam project. The site is 
just at the far bend in the 
1iver and was chosen only 
after extensive investiga- 
tion had revealed its out- 
Standing advantages. 
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and, if possible, bring about accord. The com- 
pact adopted at Santa Fe, N. Mex., on Novem- 
ber 24, 1922, bears testimony to the broad- 
minded spirit of give and take that actuated 
the commissioners and enabled them to arrive 
at a happy understanding within a period of 
less than a year. Never before had more than 
two states thus adjusted their contending 
claims; and the compact is, therefore, of un- 
usual significance. Mr. Hoover's tact, pa- 
tience, diplomatic persuasiveness, and recog- 
nized engineering skill had much to do in pro- 
moting the outcome. 

The commission earnestly recommended 
and urged the early construction of works 
in the Colorado River to control floods and 
permanently to avoid that menace. Before 
actual steps could be taken to that end, 
however, certain practical questions had 
to be settled. It was evident that Con- 
gress could not be asked to appropriate funds 
until the best site for a suitable dam were 
chosen and the size and the cost of such a 
structure predetermined. Indeed, conclusive 
information was lacking about some of the 
canyon sections of the river where it might be 
found desirable to erect the controlling dam. 
Accordingly, experts of the United States 
Geological Survey were detailed to make the 
needful examinations and to gather certain 
indispensable hydrographic and geologic data. 

Because of physical and climatic conditions, 
the far-flung region traversed by the Colorado 
River system may properly be divided into 
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three distinctive sections. The river 
basin or watershed formed by 
parts of Colorado, New Mexico, 
Utah, and Wyoming lends itself to 
the utilization of the stream’s 
water for irrigation and for power 
development in about equal divisions. The 
middle area contiguous to the river largely con- 
sists of a 500-mile, high-walled canyon region— 


the stream dropping a total of about 3,000 — « 


feet in that distance. Throughout this area 
but very little water drains into the Colo- 
rado. Plainly, the canyon section is out- 
standingly a source of potential power and 
virtually unable te make more than extremely 
small use of the river’s water for irrigation. 
The lower reaches of the Colorado, lying in the 
southern half of Arizona and the southeastern 
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Scale of Miles 


part of California, constitute an area of 69,000 
square miles; and while the river throughout 
this region drops about 500 feet in 300 miles. 
still it is preéminently suited to agricultural 
operations. Thus, it is manifest that the 
Colorado River Commission did wisely im 
dividing the whole watershed into two maim 
divisions or basins. The Upper Basin em-- 
braces parts of Arizona, Colorado, New Mexi--. 
co, Utah, and Wyoming lying above Lees: 
Ferry, while the lower Basin is composed of 
those parts of Arizona, California, Nevada,. 
New Mexico, and Utah below Lees Ferry. 

The natural flow of the Colorado River’ 
averages annually 20,000,000 acre-feet; and 
about one-third of this flow is now utilized. 
Present users in the Lower Basin take about: 
3,/00,000 acre-feet. By the compact, this. 
region is awarded a total yearly flow of 
8,500,000 acre-feet—more than double ex- 
isting needs. The Upper Basin was awarded 
7,500,000 acre-feet, also more than double its- 
present needs and ample to serve quite 
3,000,000 acres of additional cultivated land. 
Besides these allotments, there remains am 
unapportioned measure of 4,000,000 acre-feet: 
of water for future division as unforeseen de- 
mands may arise. So much for the wise and 
equitable apportionment of the water made by 
the commission. | 


Choice of Dam Site 


The steep gradient of the Colorado in the 
canyon section made logical the building of a 
control dam therein. The problem then was: 
to find the place within that section where 
physical conditions would lend themselves. 
best to the rearing of such a structure and. 
where such a structure would be able to im-~ 
pound the largest volume of water. Further- 
more, the dam had to be so situated that the 
associate power plants would be within rela~ 
tively easy reach of markets for the electricity” 
generated there. Consideration had to be given. 
to the distances within which current could be- 
transmitted without encountering prohibitive 
losses. The importance of this phase of the 
problem becomes apparent when it is realized. 
that the sale of power is counted upon to re- 
pay the outlays incident to the building of the 
Hoover Dam. Indeed, the undertaking would: 
probably not have been started had _ this: 
method of refunding not been assured by con-- 
tracts made with prospective users. 

The responsibility for the choice of the dam: 
site was placed upon the Colorado River 
Board on the Boulder Dam Project. The board 
was called into being agreeably to a joint reso~ 
lution of Congress approved May 29, 1928 
It was composed of eminent engineers and 
geologists; and its report was made towards: 
the end of November following. Two sites: 
were considered—one in Boulder Canyon and. 
one in the upper part of Black Canyon; and’ 
the Black Canyon site was chosen. The rea- 
sons for the selection are thus summed up by 
that body: 

‘In general, geologic conditions at Black: 
Canyon are superior to those at Boulder Can-. 
yon. The Black Canyon site is more accessi- 
ble, the canyon is narrower, the gorge is: 
shallower below water level, the walls are 
steeper, and a dam of the same height here 
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would cost less and would have a somewhat 
greater reservoir capacity. The rock forma- 
tion is less jointed, stands up in sheer cliffs 
better, exhibits fewer open fractures, is better 
healed where formerly broken, and is less per- 
vious in mass than is the rock of the other 
site. The Black Canyon rock is not so hard to 
drill as that of Boulder Canyon; and it will 
stand better in large tunnel excavations with 
less danger to the workmen. 

‘There is no doubt whatever but that the 
rock formations of this site are competent to 
carry safely the heavy load and abutment 
thrusts contemplated. It is well adapted to 
making a tight seal and for opposing water seep- 
age and circulation under and around the ends 
of the dam. It insures successful tunneling, 
and, so far as the rock is concerned, the general 
safety and permanence of the proposed struc- 
tures.’’ Exploratory drilling, carried toa depth 
of 557 feet below the low-water surface of the 
rock, did not penetrate any other formation. 

While the foundation rock upon which the 
dam will rest is a volcanic breccia or tuff, de- 
rived from probably repeated eruptions, still 
time has worked a transformation that has 
cemented the breccia into a tough, durable 
mass of rock capable of withstanding the 
weather and of resisting erosion exceptionally 
well. There is every indication that volcanic 
action ceased thousands of years ago; and the 
district, today, is virtually free from the ef- 
fects of recurrent earth movements in that 
part of the country. 

The board realized that the dam then con- 
templated would have to be much higher than 
any other dam built or projected, and was 
keenly alive to the fact that the structure 
would have to be correspondingly strong. 
Failure would let loose suddenly an enormous 
body of water which, sweeping unimpeded 
down the river channel, would probably 
destroy Needles, Topock, Parker, Blythe, 
Yuma, and obliterate the levees of the Im- 
perial district—creating a channel into the 
Salton Sea that would in all likelihood be so 


Rounded cobbles embedded in ground-up lava on the Arizona wall of Black 
Time has made the formation a strong and solid one. 


Canyon. 
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deep that it would be impracticable to turn 
the Colorado River again into its normal 
course. As the board expressed it: ‘‘To avoid 


such possibilities the proposed dam should be 


constructed on conservative if not ultracon- 
servative lines.’’ That recommendation has 
been observed in every phase of the design of 
the Hoover Dam. 


What the Dam Must Do 


The Hoover Dam may best be described as 
a titanic wedge of concrete that will be rigidly 
secured to the rock underlying the normal 
water bed and anchored to the towering flank- 
ing walls of the relatively narrow gorge. From 
base to crest the structure will have a 
height of 730 feet; and up and down stream 
the base will have a spread of 650 feet. Along 
the crest the dam will have a width of 45 feet 
and a length of about 1,180 feet; and it will be 
made up of substantially 3,500,000 cubic 
yards of concrete. The foundation will be 
bound to the supporting bedrock at a depth 
of 150 feet below the low-water level of the 
river. Expressed otherwise, the dam will re- 
place rock worn away by the Colorado in its 
age-old rush seaward. 

The function of the dam is a fourfold one: It 
is to serve for flood control; for the regulation 
of irrigation flow; for the development of 
power; and for the storage of silt. The basin 
created by the Hoover Dam will have a 
capacity of 30,500,000 acre-feet of water, or 
water enough to cover to a depth of 1 foot the 
combined land areas of Maine, New Hamp- 
shire, and Vermont. The lake above the dam 
will extend upstream for a distance of 115 
miles and at its widest point havea breadth of 
eight miles. It will be the biggest of man-made 
reservoirs, and will be able to store nearly 
seven times as much water as the world- 
famous Assuan reservoir, on the Nile, after the 
heightening of the Assuan Dam has been com- 
pleted. Expressed in another way, the Hoover 
Dam basin will have sufficient capacity to hold 
substantially a two years’ flow of the Colorado! 


Annual Flow of Raver 


Averages are difficult to arrive at in the case 
of the Colorado’s flow. At times the discharge 
is less than 3,000 second-feet, while on one 
recorded occasion the outpouring mounted as 
high as 300,000 second-feet! Careful records 
made over a period of some years have given 
an average annual flow of 17,300,000 acre-feet. 
The point to be emphasized is that the Colo- 


rado in any of its flood periods presents a 


problem for the hydraulic engineer; and the 
Hoover Dam has been so designed that it can 
stand rigidly, with a very large factor of safety, 
against on-rushing torrents when the river is 
in a tempestuous mood. When the water is at 
its maximum height in the lake it will have a 


depth of 580 feet. 


Next to controlling the flood flow of the 
Colorado, the reservcir created by the Hoover 
Dam will, because of its stupendous capacity, 
make it feasible to release continually into the 
river channel a volume of water ample enough 
to meet the irrigation needs of the farmlands 
on the Yuma project, in the Imperial Valley, 
and on those lesser areas in the lower reaches of 
this variable stream. So much stress has been 
laid upon flood control and the ravages 
wrought by the river when on its annual ram- 
pages that most people unfamiliar with the 
Colorado assume that it always 1s of sufficient 
volume to meet the demands of dependent 
agticulturists. This is not true; and there are 
years when there is an actual deficiency in 
vitally necessary water. Therefore, the con- 
servation and control which will be made pos- 
sible by the completion of the Hoover Dam 
will prevent these serious fluctuations and 
assure, from season to season, the water 
that may be required for the growing of crops 
and other essential purposes. The foregoing 
services are the primary ones of this magnifi- 
cent project. Now let us consider briefly the 
two remaining objects of the undertaking— 
one of which is to make the venture a self- 
paying proposition. 
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Generation of Power 


Associated with the Hoover Dam will be 
power plants equipped with groups of great 
hydro-electiic generators that will have a com- 
bined rated output of 1,000,000 hp.—one- 
fourth of all the power that might be developed 
by a series of stations placed at strategic points 
in the canyon section of the Colorado. The 
turbines will be operated under an average 
head of 520 feet, and they will have a firm or 
continuous output of about 660,000 hp. The 
price of this firm power will be at the rate of 
1.63 mills per kilowatt-hour. During periods 
of high water, when the operating head may 
be as much as 582 feet, the dynamos will gen- 
erate their full power: and this seasonal cur- 
rent will be sold for 0.5 of a mill for each kilo- 
watt-hour. Cheap power will be a great boon 
to industrial activities of all sorts, and espe- 
cially to mining enterprises in California, 
Arizona, and Nevada lying within a radius of 
economical distribution. 

As Dr. Elwood Mead, Commissioner, 
Bureau of Reclamation, has pointed out: “The 
power and water income from the contracts 
already signed will, in 50 years, bring an in- 
come of $373,500,000. Of this, the United 
States will receive $228,260,000 to repay 
money advanced, with interest. Arizona and 
Nevada will each receive $31,235,000; opera- 
tion and maintenance will absorb $16,120,000; 
and there will be a surplus of $66,650,000, 
which will be the net profit of the Government 
for going into this enterprise. This sum will be 
disposed of as Congress mav hereafter direct.”’ 
This statement will answer the questioning 
taxpaver. 


Storage of Silt 


As had leen well and wittingly said, the 
Colorado when in flood is a stream too thick 
to drink and too thin to plow. This descrip- 
tion is based on the fact that the river will 
pour into the Hoover Dam reservoir approxt- 
mately 100,000 acre-feet of mud every twelve- 
month: and the major part of this alluvium 
will find a resting place on the bottom of the 


vast basin. As the reservoir is not designed to 
purge itself, the silt will accumulate year after 
year; and, because of this, a definite volume 
of the bottom part of the basin will serve for 
silt storage. Allowing for an annual deposition 
of as much as 137,000 acre-feet, still at the end 
of the first 50-year period there will be avail- 
able for water storage something like three- 
fourths of the total capacity of the reservoir. 
It has been computed by experts that it would 
require a span of 222 years to completely fill 
the basin with silt—assuming that no other 
dams had been built in the interval above the 
Hoover Dam to catch some of the silt. 

The arresting of silt in the Hoover Dam 
reservoir will, in the course of something like 
ten years, work a marked transformation in 
the condition of the water flowing from the 
dam downstream. ‘The assumption is that 
within that span the river below the dam will 
be cleared out and that the water will flow 
over a clean sand or gravel bed. This will be 
of great benefit to the areas now drawing off 
water for irrigation, and also to 
Los Angeles and the associate group 
of cities which will tap the Colorado 
for vitally necessary water. 


Work Started on Project 


On April 20, 1931, a contract 
for the construction of the Hoover 
Dam was signed by the Secretarv 
of the Interior, Ray Lyman Wilbur, 
and by W.A. Bechtel, now president 


U.S. Geological Survey 


Left— 

Radio played a 
helpful part in 
the last survey 
of Black Canyon. 


Right— 

Drill boats mak- 
ing exploratory 
borings at the 
dam site. 


Bottom— 
Making the final 
survey of Black 
Canyon. 
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U.S. Bureau of Reclamation 
Top—How Hoover Dam'‘and its appurtenant power plant will look when ready for service. Bottom—Model of Hoover Dam and its 
associate features. The lake created by the dam will be 115 miles long and capable ofimpounding a maximum of 

7 30,500,000 acre-feet of water. 
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of the Six Companies Incorporated. Six Com- 
panies Incorporated contracted to build the 
Hoover Dam, the power plant, and certain as- 
sociate works for the sum of $48,890,995. That 


act brought to a close long years of waiting and, 


to that extent, relieved the anxieties of our 


people in the lower sections of the river where 
there has been an ever-recurrent fear that the 
Colorado would break loose and overrun and 
ravage the contiguous cultivated lands. 
With the project actually underway, it is 
now possible to look backward and to realize 


_ that much has probably been gained by delay. 


Both the engineers responsible for the present 
magnificent scheme and the contractors en- 
gaged in carrying it out are richer in their 
knowledge and their experience than they 
would have been had they tackled a task of 
like proportions twenty years ago. Also, 
makers of machinery have, in the intervening 
decades, devised equipment of different kinds 
especially fitted to deal effectually and rapidly 
with the heavy and complex work involved. 
The contractors are called upon to rear a 
mountainous obstruction athwart the erratic 
flow of the Colorado and, at the same time, to 
divert that stream temporarily around this 
rising bulwark no matter what may be the 
state of the stream the while! 


What the Contractor Must Do 


The Hoover Dam site 1s about 25 miles 
southeast of Las Vegas, Nev., and situated in 
what was an utterly isolated desert region be- 
fore steps were taken to provide means of 
transportation from the nearest railroad and 
to create accommodations for the army of 
workers that will be engaged on the job for 
quite 614 years—the period during which Six 
Companies Incorporated pledges itself to 
complete its part of the great undertaking. 


LONGITUDINAL SECTION 


Interesting as it would be to tell how these 
preliminaries were carried out and how a 
sizable town—Boulder City—was called into 
being in the midst of that hot and arid region, 
space compels us to confine ourselves strictly 
to the work involved in connection with the 


dam and its immediately appurtenant fea- 


tures. 


Before any part of the die can be started, 


the contractor must drive four tunnels which 
will be 56 feet in diameter and average more 
than 4,000 feet in length. Twoof theseare being 
driven on the Nevada side of the Colorado 


and two on the Arizona side—the tunnels 


piercing the rock at an elevation close to that 
of the low-water level of the river. These 


tunnels are counted upon to carry the entire > 


volume of the flow at any likely stage. Up- 
stream above the dam site, and just below the 
intake ends of the tunnels, a great cofferdam, 
80 feet in height, will be constructed. This will 
block the normal course of the river and divert 
its flow into the diversion tunnels. Just up- 
stream from the outlet ends of the tunnels, and 
below the dam site, will be built another mas- 
sive cofferdam that will prevent the Colorado 
from encroaching upon the space between the 
two cofferdams. This space will be unwatered 
so that the river bed can be bared preparatory 
to removing the accumulated sand and gravel 
down to bedrock, from 80 to 100 feet below the 
low-water level. : 
dation of the dam will necessitate the removal 
of substantially 7,000,000 cubic apes of 
material. 

In driving the diversion tunnels, witch 
with the cofferdams, will be completed in 
about two years, the contractor will drill, 


blast, and muck nearly 2,000,000 cubic vards 


of rock. Something like three-fourths of this 


rock will be used to stabilize the two coffer-_ 


The excavation for the foun- 


dams. With the cofferdams built and with the 
tunnels driven and lined with 3 feet of concrete, 
the contractor can start work on the dam itself, 
and he will then bring into play a multiplicity of 
facilities that he has been making ready and 
assembling in the meanwhile. As time goes 
on, it is our purpose to keep our readers posted 
on the progress of the work, and, therefore, we 


shall not confuse by entering into details now. 


The building of the Hoover Dam involves a 
battle with climatic conditions that are ex- 
tremely severe and trying during the warm 
months of each year. Again, we quote Doctor 


~ Mead: “The summer wind which sweeps over 


the gorge from the desert feels like a blast from 
a furnace. At the rim of the gorge, where 
much of the work must be done, there is 
neither soil, grass, nor trees. The sun beats 
down on a broken surface of lava rocks. At 
midday, they cannot be touched with the 
naked hand. It is bad enough as a place for 
men at work. It is no place for a boarding 
house or a sleeping porch. Comfortable living 
conditions had to be found elsewhere, and 
these are found on the summit of the Divide, 
five miles from the dam. Here there is fertile 
soil; here winds have an unimpeded sweep 
from every direction; and here there is also an 
inspiring view of deserts and lonely gorges and 


lofty mountain peaks. ”’ 


When the dam is an accomplished fact, 
when the pent-up waters are available for con- 


trolled irrigation and for the generation of 


power, then that amazing structure will con- 
stitute a milestone for a civilization under 
which unnumbered generations will flourish. 
A vast new empire of industry and enterprise 
will center upon that towering monument to 
engineering skill and to the never-failing re- 
sourcefulness of the men responsible for its 
consummation. 


aS 


Looking upstream in Black Canyon toward the site of the Hoover Dam. The lower portals of three of the four diversion tunnels 
are shown. In the lower right-hand corner is the settling basin where river water is clarified before being pumped six 
miles to Roulder City. The dam will be built at about the point where the river disappears behind the eliff at the 
right. From a photograph made about December 1, 1931. 
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1C) W.. A. Davis; Las Vegas, Nev. 


Left—Bureau of Reclamation officials on an inspection tour in Black Canyon. 
Black Canyon on September 16, 1930. 


the beginning of construction of the railroad to Boulder City. 


Rig ht—The first blast which was fired just above 


Insert—Secretary of the Interior Wilbur driving a spike of Nevada silver to mark 


Construction of the Hoover Dam 


Some General Facts Regarding the Undertaking and the Men Who are Directing It 


IDS for the construction of the Hoover 

Dam, power plant, and appurtenant 
works were opened March 4, 1931, at the 
Denver office of the Bureau of Reclamation. 
Only three bids were submitted, although 
contractors from all sections of the country 
were present and many of them had expected 
to bid until the time set for the opening drew 
near. The lowest bid, submitted by Six 
Companies Incorporated, of San Francisco, 
and subsequently accepted, was $48,890,- 
995.50. The second bid of $53,893,878.70 
was submitted by the Arundel Corporation, 
of Baltimore, associated with Lynn H. 
Atkinson of Los Angeles. Woods Brothers 
Construction Company, of Lincoln, Neb., and 
A. Guthrie & Company, of Portland, Ore., 
were the third bidders with $58,653,107.50. 

The voluminous plans and _ specifications 
prepared by the Government engineers, and 
appraised as models of their kind, divided 
the complete work into 119 separate items for 
bidding. On most of these items the three 
bids were fairly uniform. The only outstand- 
ing difference between the two lowest bids 
was on the item of placing 3,400,000 cubic 
vards of concrete in the dam, the respective 
figures being $2.70 and $4.15 per cubic yard. 
This variation accounted for $4,930,000 of 
the $5,002,883.20 difference between those 
bids. Both concerns bid $8.50 per cubic yard 


By C. H. VIVIAN 


for the tunnel excavation. The three largest 
items in the successful bid were $13,285,000 
for the 1,563,000 cubic yards of tunnel ex- 
cavating; $9,180,000 for placing the concrete 
in the dam; and $3,432,000 for lining the 
diversion tunnels with 312,000 cubic yards 
of concrete. No other single item was as much 
as $1,000,000. From the foregoing facts it 
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Dr. Elwood Mead, Commissioner, 


Bureau of Reclamation. 


Reprinted from Compressed Air Magazine, February, 1932. 


a 


% 
= 


can be seen that the construction of the dam 
and its associated works resolves itself into 
the performance of a few major tasks and a 
multitude of smaller but closely related ones. 
The successful bid was only $24,000 more than 
the estimated cost as computed by the Govern- 
ment engineers. This was considered remark- 
ably close figuring in view of the great size 
of the undertaking. 

Upon the occasion of signing the authoriza- 
tion of the contract on March 11, Secretary Ray 
Lyman Wilbur of the Department of the In- 
terior commented that it was the largest 
contract ever let by the Federal Government. 
He predicted that the consummation of the 
project would transform the desert region 
below the dam site into one capable of sup- 
porting 5,000,000 persons. “It is a satis- 
faction to see this great contract get under 
way’, he said. ‘The Colorado River, instead 
of being a menace, will now be a great bene- 
At, 

Just how this project compares in size with 
previous ones of the same general character, 
may be judged by the fact that the Bureau 
of Reclamation, during the 29 years of its 
existence prior to 1931, let contracts calling 
for an aggregate use of 4,400,000 cubic yards 
of concrete, whereas 4,500,000 cubic vards 
will be required for this one job. 

The terms of the contract, which departed 
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Some leading figures in the Hoover Dam project. | From left to right—Ray Lyman Wilbur, Secretary of the Interior; Walker R, 


- Young, resident construction engineer for the Bureau of Reclamation; F. T. Crowe, general superintendent for Six Com- 
panies Incorporated; Raymond F. Walter, chief enginger, Bureau of Reclamation. 


somewhat from established practices, were 
considered very fair by bidders. They pro- 
vide that the Government shall purchase 
practically all materials required, such as 
cement, steel, etc. This relieves the con- 
tractors from possible losses arising from 
fluctuations in the costs of materials. Ac- 
cordingly, bidders were able to figure more 
closely the actual costs of doing the work. 
Another provision favorable to the con- 
tractors is that the Government will assume 
all damage which may result from floods ex- 
perienced after the cofferdams and diversion 
tunnels are completed and accepted. This 
means that for more than two-thirds of the 
period of construction, the contractors will 
be relieved of loss from high water. 

The entire work to be carried on under 
the Hoover Dam contract consists of five 
major divisions: 

1. River diversion works, 
consisting of upstream and 
downstream cofferdams and 
four tunnels through rock, each 
56 feet in diameter before lining 
with concrete and approximate- 
ly 4,000 feet long. 

2. A concrete arch gravity 
type dam 1,180 feet long on the 
crest and 727 feet high, with a 
radius of curvature of 500 feet. 

3. Two spillways, one on 
each side of the river, each con- 
sisting of a 50x50-foot stoney 
gate, a concrete ogee overflow 
crest 700 feet long, and a con- 
crete-lined open channel. 

4. Twin outlet works of 
similar design and capacity, 
each consisting of two separate 


NO 


Installing a 7,000-cubic-foot-per- 
lower end of the work on the 


systems regulated by cylinder gates in the 
bottom of intake towers. 

5. A U-shaped power house of concrete 
and structural steel immediately below the 
dam. 

The Government will furnish all materials 
and equipment that become a permanent 
part of the completed structure, delivering it 
to the contractors at Boulder City, the con- 
struction town. The hydraulic and electrical 
machinery, equipment, and wiring for the 
power house will be installed by the Govern- 
ment, and the contractors will place concrete 
around such machinery as it is installed. The 
Government will also furnish and Six Com- 
panies Incorporated will install an inclined 
freight-car elevator alongside the canyon 
wall immediately below the power-house site 
on the Nevada side of the river. This will 


minute compressor plant at 
Nevada side of the river. 


connect at its upper end with a highway 
from Boulder City, and will be available for 
transporting machinery and supplies for the 
power house to the canyon bottom, a vertical 
distance of approximately 600 feet. Sand, 
gravel, and stone for concrete will be taken by 
the contractors from a Government owned 
property known as the Arizona gravel pits 
located eight miles up the river from the dam 
site. 

From an engineering standpoint, one of 
the most interesting clauses in the contract 
is that providing for induced cooling of the 
concrete in the dam as it is poured. The chem- 
ical reaction which takes place during the 
setting of concrete is accompanied by the 
generation of considerable heat. If large 
blocks are poured at a time, subsequent cool- 
ing may result in the development of con- 
traction cracks. To promote 
cooling, it is customary to build 
large concrete dams in a series 
of columns of rectangular sec- 
tion and to leave spaces be- 
tween these columns to provide 
for the greatest possible expo- 
sure of the faces to the air. Col- 
umns are built up in stages, the 
amount of concrete poured at a 
time being limited sufficiently 
to permit ample cooling before 
more material is placed on top of 
it. The spaces between the orig- 
inal columns are later filled with 
other columns, which are like- 
wise built up progressively. 
Subsequent grouting helps to 
consolidate them into a solid or 
monolithic structure. 

Because of the great mass of 
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Three officials of Six Com panies Incorporated who are closely identified with the momentous work in hand. 


From left to right— 


Henry J. Kaiser, chairman of the executive committee; Charles A Shea, director in charge of construction activities; and 


concrete—3,400,000 cubic yards—that will 
go into the Hoover Dam, however, the time 
required for its cooling by natural means 
would be unduly long. To expedite matters, 
it was decided to follow the columnar method 
of construction and to hasten cooling by cir- 
culating cold water through the concrete by 
means of built-in pipes. For this purpose, 
there will be 800,000 linear feet of 2-inch pipe 
or boiler tubing embedded in the concrete. 
This piping will remain a permanent part 
of the structure, and will be filled with grout 
under pressure. 

Cold water for circulating through the con- 
crete will be supplied by a refrigerating plant 
maintained by the contractors. With a 
thought for this latter phase of the work, 
Six Companies Incorporated bought air com- 
pressors for the initial or drilling phases of 
the operations that can readily 
be transformed into ammonia 
compressors on the ground. 
The compressors are Ingersoll- 
Rand 2-stage units driven by 
synchronous motors. Some are 
of the large Class PRE design: 
others are the intermediate size 
designated as Type XRE. 

Most of the work during the 
first three years will consist of 
excavating and tunneling and 
making ready for subsequent 
operations. Placing of concrete 
in the dam proper is not sched- 
uled to begin until December 1, 
1934. The time allowance for 
completion of the contract 1s 
2,965 days, or approximately 
seven years. The contractors 
are subject to a penalty of 


River camp of Six 
Black Canyon, where some 400 workmen make their homes. 


Director H. J. Lawler. 


$3,000 for every day of overtime required 


to complete each of the five divisions of the - 


work. 

Six Companies Incorporated is a combina- 
tion of six prominent contracting concerns 
operating in the West. It was incorporated 
in February, 1931, for the express purpose of 
pooling resources, experience, and personnel 
in so far as the Hoover Dam is concerned. 
For all other purposes, the several member 
firms have retained their individual identities 
and are carrying on their separate activities 
as before. 

The firms making up Six Companies In- 
corporated, with the percentages of their 
participation in the profits or losses that may 
accrue from this contract, are: W. A. Bechtel, 

an Francisco, and Henry J. Kaiser, Oakland, 
Calif., 30 per cent; Utah Construction Com- 


Companies Incorporated, at Cape Horn, above 


pany, Ogden, Utah, 20 per cent; MacDonald 
& Kahn Company, Los Angeles, 20 per cent; 
Morrison-Knudsen Company, Boise, Idaho, 
10 per cent; J. F. Shea Company, Portland, 
Ore., 10 per cent; and Pacific Bridge 
Company, Portland, Ore., 10 per cent. 
These companies had, collectively, completed 
$409,000,000 in contracts up to March, 1931, 
and had underway other work totaling more 
than $30,000,000. All told, they had carried 
out 3,024 individual contracts, of which 178 
were for Government work, and had 69 ad- 
ditional contracts in hand at the time they 
were awarded the Hoover Dam undertaking. 

Of these member companies, the Utah 
Construction Company is perhaps the best 
known, as it has fulfilled contracts in vir- 
tually every state in the western third of the 
country. Since its formation, in 1900, it has 
done approximately $200,000,- 
OOO worth of contract work— 
chiefly railroad construction, 
but including also considerable 
irrigation and reclamation work. 
The Pacific Bridge Company 
was organized in 1869 and has 
specialized in bridge building, 
particularly in underwater 
foundation work. W. A. Bech- 
tel Company has been operating 
for seventeen years, during 
which period it has completed 
approximately $30,000,000 
worth of railroad, dam, and 
general construction contracts. 
Kaiser Paving Company, Ltd., 
dates its corporate existence 
back to 1913, and has specialized 
in paving contracts. Mac- 
Donald & Kahn Companv, made 
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Left——A section of “‘Ragtown’’, a riverside mushroom settlement above Black Canyon. 


Bottom—A paek train of one of the Government’ 


up of Alan MacDonald and Felix Kahn, has 
a record of $75,000,000 in contracts fulfilled, 
consisting chiefly of building construction 
on the Pacific Coast. The firm was formed 
in 1920. The Morrison-Knudsen Company, 
composed of H. W. Morrison and M. H. 
Knudsen, has been in business since 1912 
and has completed $30,000,000 worth of 
contracts covering the building of roads, 
railroads, dams, and other construction work. 
J. F. Shea Company has accounted for some 
$40,000,000 in contracts since its organiza- 
tion in 1914. It has done a general contract- 
ing business, with special attention to tunnel 
work. 

It can be seen from the foregoing brief 
resumé of their past activities that the com- 
ponent members of Six Companies Incorpo- 
rated are admirably equipped to supervise 
and perform the many and diverse tasks that 
enter into the building of the Hoover Dam. 
‘Their combined experience covers every 
phase of the work now in hand. Some of the 
things to be done in Black Canyon are on a 
larger scale than ever before attempted, but 
among the personnel of the contractors are 
men who have had ample theoretical and practi- 
cal acquaintance with the problems involved. 

The officers of Six Companies Incorporated 
are: W. A. Bechtel of Bechtel & Kaiser, 
president; FE. O. Wattis of the Utah Con- 
struction Company, first vice-president; H. 
W. Morrison of the Morrison-Knudsen Com- 
pany, second vice-president; Felix Kahn of 
MacDonald & Kahn Company, treasurer: 
Charles A. Shea of J. F. Shea Company, 
secretary; K. K. Bechtel of Bechtel & Kaiser, 
assistant secretary and treasurer. W. H. 
Wattis, elected president of the company at 
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the time of its organization, died in Sep- 
tember, 1931. He was for many vears an 
officer of the Utah Construction Company, 
and was one of the leading construction men 
of the West. Directors of the company are: 
W. A. Bechtel, S. D. Bechtel, Philip Hart, 
Henry J. Kaiser, Felix Kahn, Alan Mac- 
Donald, H. W. Morrison, Charles A. Shea, 
EK. O. Wattis, H. J. Lawler, and Guy LeR. 
Stevick. 

While all the directors of Six Companies 
Incorporated visit the operations at regular 
intervals, the active management is in the 
hands of an executive committee composed 
of four members—Henry J. Kaiser, chairman: 
Charles A. Shea, director of construction: 
Felix Kahn, in charge of all activities of the 
subsidiary Boulder City Company which is 
charged with the feeding, housing, and trans- 
porting of the men; and S. D. Bechtel, in 
charge of purchasing, auditing, and ware- 
house activities. Mr. Shea spends most of 
his time on the job, and is as active as Francis 
T. Crowe, the general superintendent of 
Six Companies Incorporated, in supervising 
the manifold construction details involved. 
He acts as contact man between the board of 
directors and the operations personnel. In 
addition to the Boulder City Company, 
another subsidiary, the Hoover Dam Trans- 
portation Company, was formed. 

The man upon whose shoulders rests the 
chief responsibility for carrying through 
this record-breaking contract is the general 
superintendent. Mr. Crowe is thoroughly 
schooled in the work he is directing, both from 
the standpoint of the contractors and of the 
Government bureau for which the work is 
being done. He is 49 years old, and was 
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Right—Black Canyon, viewed from above. 
s early surveying expeditions along the Colorado. 


graduated from the University of Maine. 
He entered the service of the Bureau of 
Reclamation in 1904 as engineering aid, and 
was advanced until he was general superin- 
tendent of construction attached to the Den- 
ver office when he resigned in 1925. While 
with the Bureau he was in charge of con- 
struction of the Jackson Lake Dam in Wy- 
oming and of the Tieton Dam on the Yakima 
Project in Washington, the latter an earth- 
and-rock fill structure 222 feet high. He served 
for a time as assistant to the construction 
engineer on the 349-foot Arrowrock Dam in 
Idaho. He also was project manager of the 
Flathead (Indian) Project in Montana. In 
1925 Mr. Crowe went with the Utah Con- 
struction Company and the Morrison-Knud- 
sen Company, jointly, as superintendent 
of construction. In that capacity he had 
charge of the building of the Gibson and 
Deadwood dams, both Bureau of Reclama- 
tion enterprises. 

Mr. Crowe will ‘‘live on the job” both 
literally and figuratively until the Hoover 
Dam is completed. He established his resi- 
dence at Boulder City soon after the bids 
were opened, and has since been there almost 
continually. It is not unusual to find him down 
in the canyon at 12 o'clock at night and again 
at 5 o'clock the following morning. He has 
surrounded himself with a group of efficient 
assistants for directing the tasks in hand. 
Most of his immediate staff were taken from 
the various member firms of Six Companies 
Incorporated. Virtually all of them have had 
years of experience in construction work 
similar to that now facing them. To Mr. 
Crowe and his assistants the building of the 
Hoover Dam is just another job—a job that 


differs from previous accomplishments only 
in point of size and time requirement. 
Something has been said in previous ar- 
ticles of this series about the extensive in- 
vestigations, by Government engineers, which 
led to the selection of the Black Canyon site. 
Any account of the building of the Hoover 
Dam would be unfair and incomplete if it 
did not pay tribute, at the outset, to the 
Bureau of Reclamation for its part in paving 


the way for the contractors. Once the dam © 


site was chosen, an almost incomprehensible 
amount of detail work had to be done in the 
field in order that adequate plans and speci- 
fications might be prepared. As these data 
were obtained, their translation into printed 
forms necessitated an enormous amount of 
office engineering work. 

Unfortunately, there is not available a 
written record of the activities of the field 
force. It goes without saying that many hard- 
ships were endured. Whereas the men who 
build the dam will live in a modern, sanitary, 
city, the engineers who pioneered this great 
undertaking had only a cluster of tents that 
they could call home. Deprived of all but 
the most primitive necessities, they traversed 
a country without roads and almost without 
shade, risked their lives on precipitous rock 
walls, and carried on in blistering summer 
heat. Dr. Elwood Mead, Commissioner of 
Reclamation, gives a hint of what confronted 
them in the following words: 

“The survey of the dam site and reservoir 
was of unprecedented magnitude and diff- 


culty. It involved coping with a river which, 


in the highest floods, rushed through the can- 
von with the speed of a railway train; of 
taking topography in more than 100 miles 


of canyon where precipitous cliffs 1,000 feet 
high and of indescribable ruggedness had to 
be scaled. Three lives were lost in this haz- 
ardous undertaking. Every phase of the work 
involved great danger, but the dimensions 
of the possible dam and reservoir had to be 
known. Then there had to be a topographic 
map. 


‘Anyone who views the canyon either from 


. the top of ‘the rim or from the river at the 
bottom has a sense of the peril and hardship... 


involved in fixing locations and making meas- 
urements on its cliffs. —To have done this work 
by the old methods would have delayed be- 
ginning construction six months to a year. 
Resort was had to aerial surveys. This in- 
volved great hardship because of the intense 
summer heat and in making observations at 
creat differences in elevation”’. 


While the Bureau has discharged with 
credit its great task of preparing the engineer- 
ing preliminaries for this mammoth under- 
taking, it is still faced with the responsibility 
of supervising and checking every phase of 
the construction activities to see that the 
plans and specifications are faithfully fol- 
lowed. Space permits mention of only a few 
names of individuals who have been and will 
continue to be prominent in the Govern- 
ment’s part in the building of the Hoover 
Dam. 


As the Bureau of Reclamation is a division 


of the Department of the Interior, Secretary 
Wilbur is the nominal head of its activities. 
Having served as president of Stanford Un1- 
versity and lived in the West for many years, 
he carried with him to his present office a 
thorough understanding of the Colorado 


its appurtenant works. 


River problem and a realization of the bene- 
fits that would result from its solution. It 
was through him and his assistants that the 
agreements and contracts were carried through 
which made possible the start of actual con- 
struction operations. 


Doctor Mead, directing head of the Bureau 
of Reclamation, is declared by many to be 
the world’s leading authority on land reclama- 
tion. A long list of completed projects in the 
western part of the United States bears testi- 
mony to his efforts; and he has served.as con- 
sultant and director on similar work in Aus- 
tralia and Palestine. Like Secretary Wilbur, 
he is a western man, having started his en- 
gineering career as state engineer of Wyoming. 


As chief engineer of the Bureau and head 
of its Denver office, Raymond F. Walter had 
active charge of the engineering staff which 
planned and designed the Hoover Dam and 
He is a specialist 
on problems connected with irrigation and 
with power development. John L. Savage 
served as chief designing engineer for the dam. 


Walker R. Young is resident construction 
engineer. He designed the Arrowrock Dam, 
until recently the highest in the world. He 
was in charge of the Kittitas division of the 
Yakima Project, which involved a unique 
and very difficult task of canal construction, 
and directed the field work in connection with 


the investigations of dam sites on the Colorado 


River. The Bureau of Reclamation has main- 
tained an office at Las Vegas, Nev., 30 miles 
from the dam site, since construction began, 
and will this month move into the Govern- 
ment administration building in Boulder 
City. John C. Page is office engineer there. 
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All pneumatic equipment used on the 
Hoover Dam project by Six Companies 


Inc., was supplied by Ingersoll-Rand. 


One of the Ingersoll-Rand Type 20 Portable 


Air Compressors used during initial stages 
of the work. 


Ingersoll-Rand “S-49” Jackhamer Drills used 


to scale the canyon walls. 
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HE Hoover Dam is the latest in a 
long list of major construction 
projects to employ Ingersoll-Rand 
equipment. 


Preparations for the actual building 
of the dam consist largely of rock drill- 
ing operations. Hundreds of thousands 
of cubic yards of rock are being moved 
in building highways and railroads, in 
scaling canyon walls of loose material, 
and in driving the diversion tunnels 
which will carry the river past the dam 
during the period of construction. 


Six Companies Inc., who are carrying 
on this $49,000,000 contract, chose 
Ingersoll-Rand drills as the most depend- 
able and efficient on the market. 


on 


Ingersoll-Rand Portable Air Com- 7 ) ye ee 
pressors which supplied air for : 


Excavating with Ingersoll-Rand 
starting diversion tunnels. 


Jackhamers 


(ABOVE) 


Ingersoll-Rand 
“N-75” Drifters on 
top-heading of 
diversion tunnel. 


During the earlier phases of the work, eighteen Ingersoll-Rand Portable 
Air Compressors supplied power for the drills. At the present time, air for 
the various operations is furnished by three compressor plants equipped with 

ngersoll-Rand electrically-driven air compressor units and having a total 
capacity of 25,000 cu. ft. piston displacement per minute. 


Ingersoll-Rand compressors, rock drills, and other equipment were 
chosen for this huge undertaking because of the consistent reliability they 
have shown for more than half a century in world-wide service. 
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United States and Territories 


Atlanta, Ga.—Ingersoll-Rand, Inc., 1502 Candler Building 
Birmingham, Ala.—Ingersoll-Rand, Inc. 1700 Third Ave., South 


shames Mass.—Ingersoll-Rand Company of New: England, 285 Columbus Bret 


ve. : 

Buffalo, N. Y.—Ingersoll-Rand Company, Ellicott Square 

Butte, Mont.—Ingersoll-Rand Company, 303 Lewisohn Building 

Chicago, I11.—Ingersoll-Rand, Inc., 400 West Madison Street 

Cleveland, Ohio.—Ingersoll-Rand Company, Williamson Building 

Dallas, Texas—Ingersoll-Rand, Inc., Magnolia Building 

Denver, Colo.—Ingersoll-Rand, Inc., Cooper Building, Seventeenth 
& Curtis Sts. 

Detroit, Mich.—Ingersoll-Rand Company, Marquette Building 

Duluth, Minn.—Ingersoll-Rand Company, Providence Building 

St. Paul, Minn.—(Special Agency) Robinson, Cary & Sands Co., 

Fourth and Wacouta Streets 

El] Paso, Texas—Ingersoll-Rand, Inc., 718 Mills Building 

singe” Conn.—Ingersoll-Rand Company of New England, 482 Ann 

treet 

Houston, Texas—Ingersoll-Rand, Inc., The Gulf Building 

Knoxville, Tenn.—Ingersoll-Rand, Inc., 412 West Jackson Avenue 

Los Angeles, Calif.—Ingersoll-Rand Company of California 1460 E. 
Fourth Street 

New York, N. Y.—(N. Y. Sales Branch) Ingersoll-Rand Company, ll 
Broadway 

Newark, N. J.—Ingersoll-Rand Company, 236 High Street 

Philadelphia, Pa.—Ingersoll-Rand Company, Wilford Bidg., 33rd and 
Arch Streets 

Picher, Okla.—Ingersoll-Rand, Inc., 226 West A Street 

Pittsburgh, Pa.—Ingersoll-Rand Company, 706 Chamber of Commerce 
Building 

Pottsville, Pa.—Ingersoll-Rand Company, 304 West Market Street 

Salt Lake City, Utah—lIngersoll-Rand Company, 51 W. S. Temple Street 

San Francisco, Calif.—Ingersoll-Rand Company of California, 350 Bran- 


nan Street 
ee Hawaii, T. H.—(Special Agency)—Honolulu Iron Works 
O. 
sacs Sek I.— (Special Agency)—Earnshaws Docks & Honolulu Iron 
Works 


Scranton, Pa.—Ingersol]-Rand Company, 610 Spruce Street 
Seattle, Wash.—Ingersoll-Rand Company, 526 First Ave., South 
St. Louis, Mo.—Ingersoll-Rand, Inc., 2701 Olive Street 

Fulsa, Okla.—Ingersoll-Rand, Inc., Detroit Ave. & Brady St. 
Washington, D. C.—Ingersoll-Rand Company, Munsey Building 


Canada 
Canadian Ingersoll-Rand Company Limited 
Administrative Offices. 620 Cathcart Street, Montreal, Que. 
Sydney, Nova Scotia—P. O. Box 584 
Sherbrooke, Quebec—P. O. Box 728 
Montreal, Quebec— (Sales Branch) 1440 St. Catherine St. West 
Toronto, Ontario—27 Wellington Street, East 
Kirkland Lake, Ontario—P. O. Box 896 
Timmins, Ontario—P. 0. Box 2086 
Winnipeg, Manitoba—175 McDermot Avenue, Fast 
Nelson, British Columbia—P. O. Box 1053 
Vancouver, British Columbia—950 Richards Street 


Cuba, Mexico, West Indies and 


Central America 


sa West Indies, Trinidad—Port-of-Spain—Massy, Ltd., 35 Marine 

quare 

Cuba, Havana—Ingersoll-Rand, Inc., O’Reilly No. 49, Edificio Moenck & 
Quintana 

Dominican Republic and Haiti—Cia Electrica de Santo Domingo, C 
Por A., Santo Domingo, R. D. 

Mexico, D. F.—Ingersoll-Rand, Inc., Edificio Palavicini 409-410 Calle 
Bucareli, No. 12 

San Juan, Porto Rico— UIpiano Casal, Ochoa Building 


South America 


Argentine, Buenos Aires—General Electric, S. A., Calle Victoria No. 618 
esq. Peru 

Brazil, Rio de Janeiro—Ingersoll-Rand Company of Brazil, Rua Theo- 
philo Ottoni. 48 


Brazil, Sao Paulo—Ingersoll-Rand Company of Brazil, Ladeira-Santa 
Ephicenia No. 19 

Chile, Antofagasta—International Machinery Co., Calle San Martin, 306 

Chile, Santiago—International Machinery Company, Calle Morande, 530 

Chile, Valparaiso— International Machinery Company, Plaza Sotomayor 5 


_ . Chile, Iquique—Nitrate Agencies, Ltd. 
~ Columbia, Barranquilla—International General Electric, S. A. 29 Calle 


Real 

Columbia, Bogota—International General Electric, S. A., Carerrera 8a con 
Calle 13 

Columbia, Cali—International General Electric, S. A., Apartado 323 

Columbia, Medellin—International General Electric, S. A., Apartado 11 

Peru, Lima—Ingersoll-Rand Company, Divorciadas No. 607 

Uruguay, Montevideo—General Electric, S. A., Uruguay 764 

Venezuela, Caracas—International General Electric, S. A., Pajaritos 4 
Palma 39 

Venezuela,Maracaibo—International General Electric, S. A., Apartado292 


Europe 


England, London, E. C. 4—Ingersoll-Rand Co., Ltd., 165 Queen Victoria 
Street | 

Scotland, Glasgow C. 2—Ingersoll-Rand Co., Ltd., 20, Renfrew Street 

Finland, Helsingfors—Finska Electriska A. B. 

Holland, Den Haag—Technisch Bureau Marynen, Waldorpstraat 52 

Norway, Oslo—K. Lund & Co., Revierstraedet 3 

Sweden, Stockholm 3—Amerikanska Gummi A-B 

France, Paris 8e—Compagnie Ingersoll-Rand, 46 Rue de Courcelles 

Switzerland, Zurich—Robert AEBI & Cie. A. S., Werdmuhleplatz 2 

Spain, Madrid—Compania Ingersoll-Rand, Calle Santa Catalina 5 

Belgium, Brussels—Compagnie Belge Ingersoll-Rand, 62 Chaussée de 
Mons 

Italy, Milano—S. A. Alpha Romeo & Co., Via M. U. Traiano 33 


Central Europe and Near East 


Austria, Vienna—Ingersoll-Rand Gesellschaft m.b.H.., Afrikanergasse 3. 
Vienna 2, Austria 

Czecho-Slovakia, Prague II—Toka G. m. b. H., Dlazdena 2 

Roumania, Bucharest—Ingersoll-Rand S. A. R., St., Maresal, Badoglio, 
No. 36 


Australasia 
Ingersoll-Rand Australia Proprietary Ltd. 


Australia, Melbourne—Collins House, 360 Collins Street 
New South Wales, Sydney—76 Clarence Street 
West Australia, Kalgoorlie—P. O. Box 152 


Africa 


Johannesburg, Transvaal—Ingersoll-Rand Co.—South Africa, Ltd., Ex- 
ploration Buildings 

Gold Coast, Sekondi—African and Eastern Trading Corp. 

North Rhodesia, N’dola—Cecil Avenue 

South Rhodesia, Bulawayo—Johnson & Fletcher, Ltd. 

South Rhodesia, Gatooma—Johnson & Fletcher, Ltd. 

South Rhodesia, Salisbury—Johnson & Fletcher, Ltd. 


Asia and The East 


China, Shanghai—Jardine Engineering Corp. Ltd.—Engineering Dept. 
P. O. Box 1238 

China, Hongkong—Jardine Engineering Corp., Ltd. 

China, Tientsin—Jardine Engineering Corp., Ltd. 

Manchuria, Mukden—Jardine Engineering Corp., Ltd. 

Manchuria, Pristan, Harbin—Jardine Engineering Corp., Ltd., P. O. Box 
204 

India, Calcutta—Ingersoll-Rand (India) Ltd., 15 Clive Street 

India, Bombay—Ingersoll-Rand (India) Ltd., Shahibag House, Wittet 
Road, Ballard Estate 

Burma, Rangoon—lIrrawaddy Flotilla Company, P. O. Bex 129 

Straits Settlements, Singapore—Ingersoll-Rand (India) Ltd., 4-5 Raffles 

uay 

jegeee Yokohama—American Trading Co. of Japan, Ltd., 255 Yama- 
shita-cho 7 

Japan, Kobe—American Trading Co. of Japan, I.td. 

Netherlands East Indies, Batavia—] indeteves-Stokvis 

Netherlands East Indies, Semaran¢g—l indeteves-Stokvis 

Netherlands East Indies, Soerabaja—Lindete ves-Stckvis 


ne. 0 0: eg 


Cable Addresses 


‘‘Croswire, Kobe’’ 
‘““TIngerstand, Lima’’ 
“Ingersoll, London’’ 
“Ingersoll, Madrid”’ 
‘““Ingenetric, Maracaibo’ 
“Ingenetric, Medellin’ 


‘‘Intermaco, Antofagasta” 
‘“Ingenetric, Barranquilla’ 
‘“Ingenetric. Bognta’’ 
“Ingersiler. Bombay”’ 
“Ingersoll, Brussels” “Rockdrill, Havana”’ 
‘‘Ingerso'l, Bucharest’’ ‘"Nitrage, Iquique’”’ 
‘“Ingenetric, Buenos Ayres’ ‘‘Ingersiler, Johannesburg”’ 
‘Ingersiler, Calcutta’’ ‘Ingersoll, Kalgoorlie’’ 


| FORM 1930 


‘Ingenetric. Cali’ 
‘“Ingenetric, Caracas”’ 
“Ingersoll, Frankfort (A.M.)”’ 
‘“Tardeng. Harbin’’ 


“Randrili, Montreal’’ 
“‘Tronchain, New York’”’ 
“Ingersoll, Paris’’ “Ingersiler, Singapore’’ 
“Massylim, Port of Spain’’ ““Lindeteves, Soerabaja”’ 
“Ingersoll, Rio de Janetro’’ “Ingersoll, Sydney (N.S.W.)”’ 
‘“Ingceal, San Francisco”’ “Croswire, Tokyo’’ 
“Ingersoll, Melbourne’’ “Tngerso!, Sao Paulo’’ “‘Intermaco, Valparaiso”’ 
“Ingersoran, Milano’’ ‘“Ingersil, San Juan (P.R.)’’ “Ingersoll, Vienna’’ 


Ingersoll-Rand Western Union and Bentley’s. 


“TIntermaco, Santiago, (Chile)’’ 
‘‘Jardeng. Shanghai’’ 
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